Introduction
Phospholipase-C-catalysed hydrolysis of phosphatidylinositol-4,s-bisphosphate has been studied extensively as an intracellular signalling system for Ca2 
Identification of phospholipase D
PtdOH and choline, two immediate products of phospholipase D action on PtdCho, may also be formed by phospholipase C degradation of PtdCho, and subsequent action of a specific phosphatase on phosphocholine and of DRG kinase on DRG. Thus, identification and kinetic analysis of PtdOH and choline may not provide unequivocal proof for phospholipase D activity. A more direct approach to phospholipase D identification in intact cells is The other mechanism with physiological relevance is expressed by nanomolar concentrations of phorbol esters (see Table 1 for specific references) and probably involves protein kinase C. Phorbol ester stimulation of phospholipase D is a universal phenomenon (see Table 1 ). Tumourpromoting phorbol esters activate phospholipase D with potencies and a structure-activity relationship that are indistinguishable from those for protein kinase C (see Table 1 
Significance of phospholipase D
Phospholipase D activation is a widespread phenomenon (Table l) , suggesting its critical involvement in signal transduction (Fig. 1) . PtdOH accumulates rapidly upon stimulation, presumably in the plasma membrane (see Table 1 for specific references). This PtdOH accumulation may cause a transient increase of negative charge density at the cytoplasmic face of the membrane, thereby facilitating translocation to the membrane of specific cytosolic proteins with a net positive charge.
Several recent studies indicate that phosphoEpase-D-derived PtdOH may be involved in receptor-linked exocytosis. In chemotactic-peptidestimulated neutrophils, PtdOH accumulation correlates with the release of azurophilic granules [lo] . Ethanol reduces both PtdOH accumulation and exocytosis in stimulated neutrophils ( [7] and our unpublished work) and mast cells [ZO] . In addition, exogenously added phospholipase D from Streptomyces c h r o m o k m causes aldosterone secretion in granulosa cells from ovary and adrenal gland [27, 281 , and insulin secretion in pancreatic islets [56] , presumably as a result of PtdOH formation. Additional experiments are clearly needed to confirm the possible involvement of PtdOH in stimulussecretion coupling.
PtdOH formed by phospholipase D may be dephosphorylated by PtdOH phosphohydrolase to DRG [57] . Definitive proof that the phospholipase D/phosphohydrolase pathway functions in intact cells has come from experiments using human neutrophils [7- [46] and MDCK cells [33] , appear to utilize this pathway for DRG generation during stimulation. The cytosolic form of phosphohydrolase can be readily translocated to the membrane by unsaturated fatty acids [57] . Whether the substrate PtdOH, that accumulates in the plasma membrane as a consequence of phospholipase D activity, could be a trigger for phosphohydrolase translocation remains to be determined. It has recently been demonstrated in neutrophils that sphingosine, a well-established inhibitor of protein kinase C, inhibits phosphohydrolase in a protein-kinase-Cindependent mechanism, thereby preventing DRG formation [14] . Since sphingosine is a product of sphingomyelin metabolism, these findings suggest an important role for sphingomyelin metabolism in the regulation of DRG formation by the phospholipase D/phosphohydrolase pathway.
Many cells produce DRG in a biphasic manner [Z] and the phospholipase D/phosphohydrolase pathway is responsible for a late, sustained phase [7, 81 , whereas degradation of phosphoinositides by phospholipase C gives rise to an early phase. The late phase of DRG may lead to a sustained activation of protein kinase C, prolonging responses initiated by the early signalling events, such as phosphatidylinositol-4,5-bisphosphate hydrolysis. One such functional response that appears to be dependent on this signalling sequence is generation of superoxide anion by chemotacticpeptide-stimulated neutrophils. In this system, DRG formation temporally correlates with the response [ 131 and occurs initially by phosphoinositide-specific phospholipase C activation and sub-18. Anthes, J. C., Krasovsky, J., Siegel, M. I., Egan 
